23 24 111 radiative perturbation. Those thickness changes are smaller for thin ice (in absolute value) 112 thanks to the dependence of growth rates on the inverse of sea ice thickness 3,4 . In contrast, when 113 the dependence of the growth rate on thickness is turned off, the equilibrium balance between 114 annual growth and melt is attained through the reduction in summer melt. This is due to a 115 decrease in summertime downward heat conduction with ice thickness, inducing a reduction of 116 the energy available for melting ice as the ice thins. Since the associated changes in surface heat 117 budget are relatively weak, achieving the annual growth-melt balance requires a much larger 118 thickness reduction without the feedback than when it is active. 119 7 120 Supplementary Figure 2. Computation of the sea ice growth-thickness feedback factor in the 121 Semtner 0-layer model 5 . (Left) Difference in maximum sea ice thickness between a control and 122 a perturbed simulation with (Δℎ) and without (Δℎ 0 ) the ice growth ice-thickness feedback. 123 (Right) Feedback factor corresponding to the sea ice growth-thickness feedback. All values 124 are plotted versus the initial equilibrium thickness to highlight the mean-state dependence of 125 the response.
radiation that is reflected back to space) with cloud liquid fraction and total water path (TWP, 27 corresponding the total mass of cloud water per unit area). It is calculated using monthly mean 28 data for December to February, restricted to the latitudes between 50 and 60 degrees south. 29 Data are from an atmosphere-only simulation of the Hadley Centre Global Environmental 30 Model version 2. 34 factor  for the ice production-oceanic entrainment feedback. 35 The feedback factor  for the ice production-ocean entrainment feedback can be related to the 36 feedback gain G, defined as the ratio between the changes in the system if the feedback is active 37 (h) on the changes if the feedback is not active (h0).
Supplementary Note 1. Comparison of different evaluation methods of the feedback
 can also be estimated as originally proposed 1 by only considering the initial melt due to 40 entrainment, not the equilibrium response, i.e. considering that the ice formation induces 41 entrainment of warmer water and thus ice melting but that the additional consequences of this 42 melting are not accounted for yet. This is actually the most straightforward way to estimate its 43 value from observed profiles (see also Supplementary Note 3).
44
Consider first that because of heat loss at the surface, an amount of ice h0 can be formed 45 (reference response). That would be the amount formed on a lake at freezing point temperature, 46 for instance, i.e. without the ice production-entrainment feedback. In the Southern Ocean, the ice production-entrainment feedback induces an initial melting of hr (hr <0) in response to 48 the formation h0. The total thickness change after this first step is then
If one defines  as :
Because of the feedback, ice formation is thus modified by 
and the gain G is :
The gain can also be directly calculated (i.e. without assuming several artificial feedback loops 61 and the convergence of the series) by considering that the feedback acts finally on the total ice 62 thickness change and thus at equilibrium
Leading directly to:
The definition of  is thus the same as  in the main body of the paper since : Supplementary Note 2. Evaluation of the feedback factor  for the ice growth-ice 73 thickness feedback. 74 Using some reasonable assumptions, the ice production-entrainment feedback can be calculated 75 analytically from existing oceanic profiles, both from observations 1 and model outputs. 
86
To estimate a feedback factor k associated with this feedback, we consider 1) a perturbation 87 of the surface energy budget, 2) the sea ice thickness h as the key variable, 3) the total system 88 as the sea ice cover with thickness dependence on growth rate, and 4) the reference system as 89 the sea ice cover without thickness dependence on growth rate. Consequently, we define Δℎ as 90 the equilibrium ice thickness change of the full system due to the perturbation, and Δℎ 0 as the 91 equilibrium ice thickness response that would be obtained for the same perturbation if the 92 thickness-dependence of ice growth rates is omitted (i.e., growth independent of thickness).
93
A definition in line with the general framework described here (Eq. 1 of the main text) is then 94 given by the following feedback factor: Figure 2 ).
106
Following a positive perturbation of the surface energy budget, the decrease in sea ice thickness 107 is smaller with the feedback (h) than without it (h0) ( Supplementary Figure 2, left) . The 108 feedback is nonlinear because the conduction flux is inversely proportional to the sea ice 109 thickness. When the feedback is active, a slight reduction in sea ice thickness is sufficient to 110 induce a larger winter growth rate that compensates for the additional melt rate imposed by the neglected here). Following the nomenclature of ref. 1, the salt input due to ice formation 137 required to destabilize the water column is called the salt deficit (SDw) and is equal here to:
where Sn is the salinity of the layer n of the 'staircase', hwm the mixed layer depth before the 
153
It is clear from (S11) that for a steady sea ice production, SDw remains constant for each 154 straircase as the mixed layer salinity increases to be always equal to the one of the pycnocline 155 water that have just been entrained in the mixed layer. This is different for temperature. Because 156 the mixed layer is constrained to remain close to the freezing point by the presence of sea ice, the difference between the temperature of the mixed layer and the one of the pycnocline 158 increases as the mixed layer deepens, leading to an increase in the magnitude of . 
